-INTRODUCTION
The human mandible and the temporomandibular joints compose a very interesting and complex biomechanical system that performs several functions and has the capacity to produce forces of high value and precision. The peculiar construction of the temporomandibular joints allows the mandible to move according to six degrees of freedom.
In Dental Medicine, the analysis of the mandibular movement plays an extremely important role in oral rehabilitation, because its accurate study allows the detection of pathologies in the temporomandibular joints as well as helps medical doctors in the definition of adequate treatment plans. Furthermore, it is also awfully important to know truthfully the mandibular kinematics in order to simulate the temporomandibular joints, assembly properly teeth moulds in articulators, reproduce the mandibular movements and consequently, the satisfactory resolution of occlusion problems.
In this paper, it is described a device developed for the acquisition and analysis of the 3D mandibular movement. For its main support structure a facial arc, universally used in Dental Medicine, is adapted. However, as the facial arcs were traditionally designed for static analysis, some of its parts were redesigned to ensure the best comfort possible for patients during this new dynamic use. To acquire the 3D movement are used electromagnetic sensors a specific support for them was designed. The 3D cartesian coordinates are obtained from the electrical signals outputted by the sensors using a neural network. To control the device system, obtain the cartesian coordinates and display and analyse the 3D movement acquired a custom made computational application was built for Microsoft Windows platforms.
The experimental tests done using the device here described permit to conclude that it can be successfully used to acquire and analyse the mandibular movement. Additionally, since it uses common dental facial arcs as its main support structure as well as it is based on technologies of low cost, its final price can be substantially lower than the prices of the existent devices. With these two important characteristics, one can conclude that the purposed device is suitable for being used in usually medical dental centres helping dentist doctors in their diagnosis and treatment plans. This paper is organized as follows: in the next section, the clinical importance of the device described is explained; in the following, some of the existing systems used for the same purpose are indicated; in the section forth, the new device is described including its computational application; finally, the main conclusions and some future tasks are addressed in the last section.
-CLINICAL SIGNIFICANCE
The temporomandibular joint is constituted by a complex biomechanic system that receives influences from the structures which are directly interconnected with it that often originate dysfunctions. Because of the frequency of its movements and the forces applied during them, one becomes fundamental that the contacts between teeth and its space position are adjusted to the maintenance of a corrected equilibrium position among the diverse elements involved (bone and muscular structures, cartilages, etc.).
The incorrect positioning of the mandibular condyle and of the articular disk in the glenoide cavity as well as inaccurate interrelationship between the maxilars are key factors that often instigate painful clinical situations, [1, 2, 3] . The temporomandibular disorders have therefore a multifactorial cause and comprehend a series of problems that can be classified in: a) functional alterations of the musculature of the face, head, neck and shoulders; b) alterations that involve soft tissues of the temporomandibular joint; c) alterations that involve hard tissues of the temporomandibular joint, [4] .
In order a patient with a temporomandibular joint pathology to be successfully rehabilitated becomes essential to perceive his articular dynamics, register his mandibular movements as well as determine the space position of his bone structures that are indispensable for the articular equilibrium, [5, 6] .
The main goal of the device described is the acquisition and analysis of the temporomandibular movement in order the register values can be used by dentist doctors in the definition of adequate treatment plans for the rehabilitation of patients with temporomandibular joint pathologies.
-RELATED DEVICES
Essentially, there are three classes of devices for the acquisition of the mandibular movement: the ones that use ultrasonic sensors to acquire the trajectory of the incisive point, like the two commercial devices described in [7, 8, 9] ; devices based on optical sensors that record the mandibular movement, like the three systems presented in [7, 10, 11, 12, 13] ; and the ones based on electromagnetic sensors for the same purpose, like the commercial device presented in [7, 14] .
However, all commercial and academic devices indentified until now are considered very expensive and difficult to use in common clinical scenarios, [7] . Having these disadvantages and problems in mind, the device here described was developed hence it can be produced with a reasonable price, has an easy modus operandi and enough accuracy for the function desired.
-DEVICE DEVELOPED
In order to obtain a device of high quality a "structured product development process" as proposed by Ulrich and Eppingerin ( [7, 15] ) was adopted. In the following the main aspects of the device developed are described.
In an initial phase, one conducted several personal interviews with dentist doctors in order the customer needs, device specifications and requirements could be entirely identify. After this, it was done a market research to discover existing devices and know their main advantages and disadvantages.
During the personal interviews done with the dentist doctors, it was recurrently referred by them that the actual devices are very expensive, uncomfortable for patients and difficult to use in real dental facilities. Always having these disadvantages in mind, the main specifications for the device were defined as: 1) it should acquire the 3D movement of the incisive point; 2) the user should be able to visualize and analyse the movement acquired; 3) it should be comfortable for patients and easy to use; 4) its components and production requirements should be accomplished in an affordable way so its final cost can be low.
After the identification of all requirements that the device should address, the technology to be used should be identified. After a technology survey, the choice was on electromagnetic sensors based on giant magneto resistive (GMR) principle. The decisive factors that support this choice were: GMR sensors can measure the magnetic field created by a small magnet placed inside the patients' mouth (located nearly to the incisive point) without contact, are very compact, present a low current consumption, a wide supply voltage, have sufficient accuracy and excellent sensitivity and their cost is very low. The selected GMR sensors have just a single sensitive axis consequently, in order to acquire the 3D movement of the incisive point, it was necessary to use three sensors mounted orthogonally. Table 1 , summarizes the main characteristics of the selected GMR sensor.
After the election of the technology to be used, the goal was the definition of the device structure.
Instead of the design of a completely new and dedicated structure, it was decided to just design a support for the GMR sensors that can be easily assembly into the facial arcs commonly used in dental medicine. With this decision the final cost of the device can be considerably reduced.
As the existent facial arcs were originally developed to be used in static measurements, their auricular parts are not particularly comfortable for the patients when they are employed in the performing of dynamic analysis. Thus, new auricular parts needed to be designed. The general dimensions and the groove of the original auricular parts were maintained, but a more organic shape was adopted in order to offer a higher sensation of comfort to patients with the additional enhancement of being easier to clean, Figure 1 .
The support of the GMR sensors was designed to gather the following main needs: be easily adaptable to the facial arcs commonly used in dental medicine, be able to accommodate three GMR sensors mounted orthogonally and to be lightweight. To satisfy these needs, the most appropriate shape was also an organic one. The cavity designed to hold the sensors is closed by a sliding cover and presents a hole on its top to accommodate a led that indicates if the device is on or off, Figure 2 .
For the signal acquisition of the GMR sensors, a data acquisition device (DAQ) with plug-andplay USB connectivity was employed. The selected DAQ is light, small, low priced, easy to use, has four differential analog channels (or eight single ended), 12 bit resolution and acquisition rate up to 10 kS/s. To reduce the electrical noise, the sensors are connected using the differential mode and an external power supply is used.
The components developed for the device system can be seen in Figure 3 as well as an example of its usage.
As the output of the GMR sensors are electrical signals is necessary to convert them into 3D cartesian coordinates. To solve this conversion problem, a radial basis neural network was employed. The choice on this neural network type can be justified because it can be trained more quickly and it is possible to interpret the contribution of each neuron in the global behaviour of the net, [13] . Its development was accomplished using the tool MATLAB (The MathWorks, Inc.) and the data used in its training was acquired by measuring the output voltages on a set of calibration points defined regularly within a well defined 3D volume. The neural network built and trained was then integrated into the computational application developed for the device.
To control the device and to display the acquired movement a custom made computational application was developed in LabVIEW (National Instruments Corporation) for Microsoft Windows platforms. This application, in addition to incorporate the neural network built also offers to dentist doctors the possibility to register the patience's data, as name, age, sex and missing teeth, as well as to visualize the movement acquired and the generation of reports on the medical exams performed that can be printed or saved. The acquired movement can be displayed according to four graphs commonly adopted in dental medicine: one with the 3D trajectory of the incisive point, that the user can easily rotate and zoom, and three 2D graphs with the associated projections in the sagital, frontal and horizontal planes. In Figure 4 the interface of the computational application is shown. In this figure is visible the movement acquired in 3D and its representation in the horizontal plane.
-CONCLUSIONS AND FUTURE TASKS
A new device for the acquisition and analysis of the 3D mandibular movement was described. As its main characteristics one can indicate: it is comfortable for patients, it can be produced with low cost, its modus operandi is effortless and with low usage requirements, it only requires that a small magnet is placed inside the patients' mouth, it can be easily assembled into the common facial arcs used in dental medicine, it has a computational application that makes possible the full analyses of the movement acquired as well as the generation of detailed diagnosis reports, it has all necessary requirements to help dentist doctors to diagnosis and define adequate treatment plans for problems involving dental occlusions.
The GMR sensors used in the device to acquire the incisive point trajectory revealed to be an ideal solution for this kind of application, and the neural network built shown to be satisfactory to accomplish the conversion of the sensors' outputted signals into 3D Cartesian coordinates.
As possible future tasks that can be indicated are the comparison of more complex, robust and precise neural networks to obtain the 3D Cartesian coordinates, the use of acquisition boards with higher resolution and precision and the consideration of electromagnetic sensors that have more than one axis of sensitivity. These considerations can be very important as the resolution and precision of the device is highly depending on the quality of the elements used in the movement acquisition and pos-processing steps.
The deeply use of the device described in real clinical environments is also a very important task that should be addressed in the near future and that should be strongly emphasised. 
